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Abstract 


The future physical layer network coding (PNC) attitude is applied for uplink scenario in binary systems, 
and the design recommendation serves multiple mobile terminals (MTs) and guarantees unambiguous 
recovery of the message from each MT. This paper presents a PNC approach for network MIMO 
(N-MIMO) systems to release the heavy problem of backhaul load. We present a PNC design standard on 
first based on binary matrix theories, followed by an adaptive optimal mapping Selection algorithm based 
on the proposed design criterion. In order to reduce the real-time computational complexity, a two stage 
search algorithm for the optimal binary PNC mapping matrix is advanced. Numerical results show that 
the recommended scheme achieves lower outage probability with reduced backhaul load compared to 
practical CoMP schemes which quantize the estimated symbols from a log likelihood ratio (LLR) based 
multiuser detector into binary bits at each access point (AP). 
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Introduction 


As various wireless multimedia applications are getting more and more popular, the demand for wireless 
traffic is increasing rapidly, and the massive multi-input-multi output (MIMO) technology has been 
proposed as a key technology for the next generation (SG) wireless communication systems [1], 
facilitating to guarantee the increasing demand of user Quality of Experience [2]. Recently, a number of 
excellent studies have validated that massive MIMO systems are specialized in improving the wireless 
communication capacity vastly in cellular networks [3]. Apparently, the huge antenna arrays have to be 
deployed compactly because enough spaces are not available at not only base stations (BSs) but also 
mobile terminals; therefore, the interaction of mutual coupling among antennas gets so strong that it 
cannot be ignored in massive MEMO systems [4]. Also, the realistic channel capacity, which is subject to 
the quality of service (QoS) in multimedia wireless communication systems and the Shannon capacity, are 
not the same thing [5]. So, exploring a new precoding solution for the 5G massive MIMO multimedia 
communication systems is necessary. 


The concept of network multiple input, multiple output (NMIMO) [6] has been known for some time as a 
means to overcome the inter-cell interference in fifth generation (5G) dense cellular networks, by allowing 
multiple access points (APs) to cooperate to serve multiple mobile terminals (MTs). This was 
implemented in the coordinated multipoint (CoMP) approach standardized in LTE-A [7]. More recently 
the Cloud Radio Access Network (C-RAN) concept has been proposed, which has similar goals [8]. 
However these approaches result in large loads on the backhaul network (also referred to as fronthaul in 
C-RAN) between APs and the central processing unit (CPU), many times the total user data rate. 
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While there has been previous work addressing backhaul load reduction in CoMP and C-RAN, using, for 
example, Wyner-Ziv compression [9] or iterative interference cancellation[10],the resulting total backhaul 
load remains typically several times the total user data rate. A novel approach was introduced in [11], 
based on physical layer network coding (PNC), which reduces the total backhaul load to be equal to the 
total user data rate. However most previous research on PNC focused on two-way relay channel (TWRC) 
or lattice code-based design. 


In [11], a PNC scheme based on BPSK is designed for the TWRC. Compute-and-forward approach which 
generalizes PNC of TWRC to multiuser relay networks by utilizing lattice network coding [12] is 
presented in [13], and heterogeneous modulation schemes which lead to precoded PNC design are studied 
in [14]. Work in [15] provides a PNC design in N-MIMO system but the design focused on lower order 
modulation schemes. In this paper, we present a PNC design with unambiguous detection of messages 
from all MTs to reduce the backhaul load in binary N-MIMO systems, followed by an adaptive optimal 
mapping matrix selection algorithm. 


The main contributions are listed as follows In Section 2, a system model in which there is a 2D antenna 
array is described for massive MIMO wireless communications. In Section 3, the effect of mutual 
coupling on the massive MIMO wireless systems is evaluated by the receive diversity gain. Moreover, an 
optimal equivalent precoding matrix is proposed to reduce the cost of RF chains and satisfy the 
multimedia data requirements for 5G massive MEMO multimedia communication systems. Furthermore, 
the upper bound of effective capacity is derived for 5G massive MIMO multimedia communication 
systems. Numerical simulations and analysis are presented in Section 4. Finally, Section 5 summarizes the 


paper. 
System Model 


A massive MIMO wireless transmission system is illustrated in Figure 1. The wireless down-link between 
user equipment (UE) with multi-antenna and a BS with a 2D rectangular antenna array is studied in this 
paper. First of all, we define some basic parameters for this model. We define as the wavelength of the 
carrier, d as the antenna spacing of this antenna array, a .a 1/ as the length of this antenna array, and b .b 
1/ as the width of this antenna array. If we would like to deploy m antennas in each row and n antennas in 
each column for this antenna array, then we will have the relationship as listed in (1), 


d= aa =b 
M-1 n-l (1) 


And the total number of antennas in this antenna array M can be derived easily as follows: 
M=mn (2) 


If we define SNRBS as the signal-to-noise ratio (SNR) at the BS, H and stand for the small-scale fading 
matrix and large-scale fading coefficient of the channel in this model respectively, the signal the BS 
transmits is defined as x, w means the additive white Gaussian noise (AWGN) over wireless channels, and 
the mutual coupling matrix is configured as K, equivalent precoding matrix is configured as Feq, A is 
defined as steering matrix, then the down-link signal vector received at a UE equipped with N antennas 
can be expressed as follows: 





y = /SNR,, HAKF.,'” x+w (3) 
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In which x is a Ns x1 vector and w is a N x 1 vector. H-CN (0, PI is governed by a complex Gaussian 
distribution and is expressed as follows: 


H= [ hy,...,hp,....bp] €C™ (4) 
In which C n x p_ denotes a NxP matrix, P stands for the number of the independent incident 


directions,and hp-CN(0, I) stands for the complex coefficient vector of small-scale fading received from 
the pth incident direction, which is expressed as follows: 


hp=hp"” +;hy'” (5) 
m antenna 
d4 elements 
a User H 2 3. sm 
J) Equipment(UE) sa i ! if 
cealiaie nantenna « ; 
elements *| + 
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/” Wave length 
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Figure 1. System model. 


In which hp“r is defined as the real part of hp and hp’ is defined as the imaginary part of hp. Furthermore, 
both of them are Gaussian random variables distributed independently and identically, whose expectation 
and variance are 0 and 0.5, respectively. 


Definitely, P will be very large if considerable scatterers exist in the propagation environment. According 
to [16], we divide the angular domain into P independent incident directions with P being large but 
finite.Here, we assume both of the azimuth angle g(q D1, ..., P), and elevation angle is within the scope of 
(E=2, =2. Each independent incident direction corresponds to one steering vector a g, 2 CM1, so all the P 
steering vectors can constitute the steering matrix 


A of the rectangular antenna array, which is expressed as follows: 
A=[a (1,9),...,a(q,9),...,a(Op, 8)] (6) 


If we define AT€ Cas the steering matrix of the gth incident direction of the rectangular antenna array, 
we will obtain the following relationship, 


Vec(A‘)=a((1,0) (7) 
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in which Vec(A*) is defined as the matrix vectorization operation. Without loss of generality, we assume 
the antenna that locates at the first place for both the row and the column of the rectangular antenna array 
as the reference point ofwhich the phase response is zero. And we normalize amplitude responses of all 
the antennas of the antenna array as 


1.(1<=c<=m,1<=e<=n) as the element in the steering matrix Ag, which locates at the cth row and eth 
column, and it is expressed as follows: 
A‘..=exp{j [(c-1)dcos ,sin6+(e-1)dsin oqsin0]} (8) 
a 


For a rectangular antenna array with M elements, we define K ¢ C4mxm as the corresponding mutual 
coupling matrix, which is expressed as follows [17]: 


K=Z,(Zi1+Zm) ' (9) 


In which ZL denotes the antenna load impedance that is constant for each antenna, Zy denotes the MxM 
mutual impedance matrix, and I denotes an MxM unit matrix. From Figure 1, Zw can be constructed by 
nxn sub-matrices, that is, Zw= (Z") nxn, where Z", as an mxm mutual impedance sub-matrix, denotes the 
mutual impedances between the m antennas located at the sth (s=1,... 1) row and the m antennas located 
at the r”. (t=1,...,2) row in the rectangular antenna array. For ease of exposition, we define Antsm as the 
antenna located at the sth row and uth. (s =1,..., m; u =1, ..., m) column of the rectangular antenna array 
and define Anttv as the antenna located at the tth row and the vth (¢ =1, ..., m; v=1, ..., m)column of the 
rectangular antenna array, the corresponding distance between which is give 


d*y = 4 (t-s)? +4V(v-u) 2 Thus, Z* 


As follows: Z%y Z%,...,Zim 
Zs Fiuaan net ae 


ory or) geeey 


bJ “2 alas | 


Zim Zi m2 geeey Ze om (10) 


Consider a special case where all M antenna elements in the rectangular antenna array are dipole antennas 
with the same parameters. Then the mutual impedance z” uv only depends on the antenna spacing and can 
be obtained with the Electromotive force (EMF) method in [18]. With a fixed antenna spacing d, we have 
the following properties: 


Aig SZ way Wai) 
Te = TS qd 1) 


Similar properties can be derived for Z" as follows: 


Zst = Z(st1) (t+1) 
Zee = Zas (12) 


Together with (10)-(14), the mutual impedance matrix ZM can be readily obtained. It bears noting that 
with (10)- (14), the computational complexity can be significantly reduced compared with the direct 
calculation of the MxM entries of ZM, especially with a large M. 
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The equivalent precoding matrix F.qg=FrrFss consists of baseband precoding matrix FBB and the RF 
precoding matrix Frr. Ns data streams are transmitted by Nrr; radio frequency (RF) chains and M 
antennas at the BS. All wireless data are received by Ner r RF chains and N antennas at the UE. In this 
case, the detected wireless signals at the UE areexpressed by the following: 


y= Wea = W'ppW' ry (13) 


In which is a conjugate transpose operation, Weq is a NxNs equivalent signal detection matrix, which 
consists of baseband detection matrix Wpp, and the RF detection matrix Wer, y is the received signal 
vector at antennas of the UE. Essentially, Fre and Wer are phase shift matrices used for the signal 
precoding and detection at the RF chains. Hence, the absolute value of the RF detection matrix FRF and 
the RF precoding matrix Frr is equal to 1. 


Adaptive Binary PNC Design 


In this section, we present the novel PNC design criterion followed by a two-stage optimal mapping 
selection algorithm for N-MIMO systems with multiple MTs and APs. We define and study the so-called 
singular fading problem first, followed by proposing a PNC design criterion to resolve this problem, and 
finally develop a two-stage binary mapping selection algorithm with low computational complexity. The 
detailed mathematical proof is also provided in this section to support our design criterion 


A. Singular Fading in MA Stage 


Singular fading in the MA stage is a serious problem which degrades network performance due to the 
indistinguishable superimposed symbols at an AP under some conditions. We give a simple example here 
with 2 MTs to define the singular fading problem and summarize the PNC design criterion after. It is 
worth to mention the design criterion can be extended to a general N-MIMO system with more than 2 
MTs. A discussion is given at the end of this sub-section. The singular fading is defined as a situation in 
which different pairs of transmitted symbols cannot be distinguished at the receiver, mathematically given 
by: 


h,1°1 + h;,2°2 = h,1°’1 +h;,2s2, (14) 


where si and s'i stand for the QAM modulated signals at the itch MT for i = 1; 2, and s;= s' i. The special 
channel coefficient vector hss , [hj 1; hj;2] is defined as a singular fade state(SFS). In this case, the failure 
in detection of [s; s2] and [s‘ s‘2] due to the superimposed symbols coincide in the constellation will 
degrade the network performance. Please note that the solution of (5) is not unique, hence there is more 
than one SFSs for each QAM scheme. 


We can calculate the values of all SFSs by substituting all possible modulated symbol combinations to (5), 
which is given by : 


U5 =hip = si —si; Wsl(y’),81G’) € Q, (15) 
hit s2(’ ) -82 
Where Uses is an element in the SFS set Vses, [rsrs (1); - - -; rses(L)] for a QAM modulation scheme and 


the value of L is different for different modulation schemes. According to (5), an SFS raises an ambiguous 
detection problem when different symbol combinations are transmitted from MTs. We define a clash 
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which contains the superimposed symbols with the same value. In order to achieve unambiguous 
detection, the superimposed symbols in a clash should be mapped to the same NCV. We extend the 
definition of clash to cluster in which the superimposed symbols are mapped to the same NCV to reduce 
the decoding complexity. In this case, a cluster may contain a set of clashed symbols and individual 
non-clashed symbols. Then by mapping the superimposed symbols in a cluster to the same NCV, the 
problem of SFS is solved. Additionally the optimal PNC mapping matrix should keep different NCVs as 
far apart as possible in order to achieve the unambiguous detection. 


By defining dmin as the minimum Euclidean distance between different clusters, the optimal PNC 
mapping matrix design criterion is given by: 


Lk ik 
x;or? =G;P? *W cluster , VWoatuster” , E Waetuster(k) 
G; max amin , for i,k=1,2,...,.mu, 


Where dinin=min O(8; sc F O(S ins) [SP jse — Sjgsel” 


x = O(8" 5 s0) = Gj = We eineter: 


SP isc = 871 + UM srs 89, 


Vs", ee € ce) ; q=l 52s y ssl (16) 


The key elements in the above ceiterion is the values of SFS. In the 2-MT case, (13) can be utilised to 
determine all possible SFSs for a QAM modulation scheme. However, in multiple-MT (u > 2) case, (13) 
is no longer suitable for mathematical representation of SFSs because the increased number of MTs in 
MA stage results in non-linear relationship between modulated symbols and SFS values. This is still an 
open question for PNC design. In this paper, we utilise 2- MT case as the basis to cope with the multiple- 
MT case. For example, when 3 MTs are served by an AP, we could use (6) to determine the SFS between 
MT1 and MT2 first and the received symbol from MT3 is treated as additional noise. Then we may pair 
MT 1 (or MT2) and MT3 for PNC encoding and treat signal from MT2 (or MT1) as additional noise. We 
utilise received power as threshold for pairing different MTs and this pairing method has been discussed 
in [19]. 


B. Algebraic Work for Design Criterion 
In this subsection, we illustrate mathematical work to support the proposed PNC design criterion. As 
mentioned in the previous subsection, we need to carefully design each Gj for j = 1; 2; - - - ; n, so that 
G =[GI1, -- - ; Gn]T includes a number of row coefficients which forms 
Theorem 1: Assuming G = Gnxn(R), where the coefficients are from a commutative ring R. Source 
messages are drawn from a subset of R and all source messages can be unambiguously decoded at the 
destination if and only if the determinant of the transfer matrix is a unit in R, 

Det(G) = u(R) (17) 
Proof: We first prove that (11) gives the sufficient and necessary conditions that make a matrix B 
invertible in NMIMO networks. Suppose B is invertible, then there exists A matrix C ¢ G nxn® such that 
BC =CB=In. 
This implies 1 = det(In) = det(BC) =det(B)det(C). 


Abduro Guye Adiet. al., Vol. 1, Issue 1, pp. 65-75, 2020 
Page No. 70 


~ International Journal For Academic Research and Development 


Vol. 1, Issue 1 
2020 


According to the definition of a unit,we say det(B) ¢ U(R). 


We know B.adj(B) =adj(B).B =det(B)In. if det(B) ¢ U(R), we have 
B.(det(B) 'adj(B))=(det(B) ‘adj(B))B = det(B) 'det(B) =I, (18) 
Hence C=(det(B)'adj(B)) is the inverse of B since BC =CB =I,. 


If B is Invertible, then its Inverse B"! is uniquely deteremined.asssuming B has two inverse ,say C, and 
Cc 

B.C =C.B =I, 

B.C'=C'B=L (19) 
Hence we have 


CeCh=Ch.c enc’ =C* 


It proves the uniqueness of the invertible matrix B over R. 
Assume a& a',B-a=F, B-a’=F’, and F =F". This Means a=B?. F=B!. F’ =a’ 


This contradicts a& a’. Hence it ensures unambiguously decode ability: 
B.a#B.a’, Va#a’. (20) 

Let Iv (Gmxn(R)) denotes the ideal in R generated by all v x v minors of Gmxn(R), where v= 1; 2;---; 7 
= min (m x n). Av X v minor of Gmxn(R) is the determinant of a v x v matrix obtained by deleting m - v 
rows and n - v columns. Hence there are (mv) (nv) minors of size v x v. Iv (Gmxn(R)) is the ideal of R 
generated by all these minors. 
Design criterion: The destination is able to unambiguously decode u source messages if: 

1) u> max { v|Anna(Iy(G))) =<0>}, Vj= 1,2,...,n, 

2) Gj =arg max yj {I (Y, Fi)}; 


Where (x) denotes the ideal generated by x. Condition | can be proved as follows. According to Laplace’s 
theorem, every (v+1) x (v+1) minor of Gmxn(R) must lie in Jv (Gmxn(R)). 


This suggests an ascending chain of ideals in R: 


<0> =1+1(G)) C I (G) C,..., Cl (G) C IG) =R. 





Computing the annihilator of each ideal in (18) produces another ascending chain of ideals, 


<O> = Annr(R) € Anor Ui(Gj)) C,.--, 
C Anne (I,(Gj)) C Annp(<0>) =R. (21) 


It is obvious that: 


> AnnR(Ik(Gj)) # <0> 
> AnnR(Ik’(Gj)) # <0>,Vk < k 
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The maximum value of v which satisfies AnnR (J, (Gj)) = (0) guarantees that Ik (Gj) 2 R, 8k < v. Hence 
we define the rank of G; as rk(G,) = max fv j Annr(/v(Gj)) = (0)g. 


Suppose that Gk 2 Gmxp(R) and Gk' 2 Gm xn(R), then rk(Gx x Gx) < min fx(Gi); rk(Gk')g, and we can 
easily prove that 0 < rk(Gmxn(R)) < minfm; n). Thus, in order to guarantee there are at least u 
unambiguous linear equations available at the CPU, rk(G;) must be at least u, 87 = 1; 2; --- 5. 


Condition 1 is a strict definition which ensures unambiguous decodability of the u sources. Condition 2 
ensures that the selected coefficient matrix maximises the mutual information of the particular layer, 
giving finally the maximum overall throughput. 


C. Binary Adaptive Mapping Selection Algorithm 


Following the design criterion presented in the previous subsection, a binary adaptive mapping selection 
(BMAS) algorithm is designed in this subsection. Like the work i [20], our proposed algorithm comprises 
two procedures, the first of which is an Off-line search and the second is an Online search. 


Before the proposed Off-line search, the values of SFS for QAM modulation schemes can be determined 
by using (6). Then we define an L x uj matrix Hsrs = [hssi; - - - > hyssz]” contains all SFS for a QAM 
modulation scheme, where hs, = [h“ srs (g) ] for g = 1; 2; -- - ; L. By substituting all vSF Ss into (10), 
the superimposed symbols can be obtained. According to the design criterion, the mapping matrices used 
at each AP should encode the superimposed constellation points within one cluster to the same NCV and 
additionally, the Euclidean distance between different NCVs should b maximised. In that case, an 
exhaustive search among all m x mu binary matrices is implemented in the proposed Offline search to 
calculate all possible NCVs using (15) and hence the minimum Euclidean distance between different 
clusters can be obtained by using (16). The optimal mapping matrix candidate for each SFS are selected 
according to the design criterion (17) and stored at the APs and CPU. During the real-time transmission, a 
search among the stored matrix candidates is applied and this procedure is called On-line search 
algorithm. Please note according to the unambiguous decoding criterion, an invertible global mapping 
matrix with maximum value of dmin should be selected in the proposed On-line search. 


A potential issue of the proposed BMAS algorithm is that the large number of SFSs in QAM schemes 
with higher modulation orders increases the computational complexity and searching latency in On-line 
search. For example, a search among 389 4 x 8 binary matrices for 16QAM to resolve all SFSs puts the 
proposed On-line search algorithm in realtime application to a serious trouble. However, according to our 
research we found that many different SFSs generate the same clashes so that they coul be resolved by the 
same binary matrices. In this case, the number of mapping matrices searched in the On-line search can be 
reduced because differ ent SFSs with the same clashes will be resolved by the same mapping matrix. 
Furthermore, we found that the appearanc probability of each SFS is different and we can ignore those 
“nonactive” SFSs with low appearance probabilities to reduce the number of mapping matrices utilised in 
the proposed Online search with eliminated performance degradation. 


Numerical Results 


In this section, we evaluate the outage probability (Pout) performance of the proposed BMAS algorithm 
compared to that of ideal and non-ideal CoMP over different N-MIMO networks. 4QAM and 16QAM 
modulation schemes are employed in the simulation. Before the QAM modulation, a convolution code 
with rate of 2=3 is applied and more powerful coding schemes can be employed to enhance the 
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performance. In ideal CoMP, the bandwidth of backhaul network is assumed unlimited so that a joint 
multiuser ML detector is employed. While in non-ideal CoMP, bandwidth-limited backhaul network is 
considered and a 2-bit/4-bit quantizer which quantizes the estimated symbols from an LLR based 
multiuser detection into binary bits is employed. We illustrate the Pout performance comparisons between 
different approaches in a 5-node network (2MT-2AP-CPU) and then extend to 6-node (3MT-2AP-CPU) 
and 7-node (3MT-3AP-CPU) scenarios. 


Fig. 2 illustrates Pout performance comparison among different schemes over a 2MT-2AP-CPU N-MIMO 
network. Single antenna is employed at each node. We note that the ideal CoMP achieves the optimal 
Pout due to the utilisation of joint ML detection with unlimited backhaul. While a performance 
degradation is observed in non-ideal CoMP when quantizers with limited bits are utilised to release the 
high backhaul load burden. As illustrated in the figure, the proposed BMAS approach is superior to the 
non-ideal CoMP with reduced backhaul load, even when an increased quantisation bits is used in the 
non-ideal CoMP approach. Also the proposed BMAS approach achieves the same diversity order as ideal 
and non-ideal CoMP. When 16QAM is employed at each MT, degradation of the Pout performances are 
observed from the figure. In the proposed BMAS algorithm, 50 most active SFSs are utilised and 
according to comparison in the figure, the proposed algorithm outperforms the non-ideal CoMP with half 
backhaul load. 


In Fig. 2, the outage probability performances of different schemes in 6-node and 7-node networks are 
presented, respectively. In the networks with 3 MTs, an increased backhaul load (6 bits in BMAS and 72 
bits in non-ideal CoMP with 4-bit quantiser) is required. Similar to the performances in Fig.2, ideal COMP 
achieves the optimal Pout in both networks and the proposed BMAS approach is superior to the non-ideal 
CoMP with much less backhaul load. 
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Figure2 The Outage Probability Performance of 2MT-2AP-CPU network. 


V. CONCLUSION 


In this paper we present, based on the mutual coupling effect, an optimal equivalent precoding matrix has 
been suggested to maximize the available rate and save the cost of RF chains for 5G massive MIMO 
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multimedia communication systems. We also novel PNC design criterion for binary systems and based on 
this criterion, a two-stage optimal mapping matrix selection algorithm with low computational complexity 
is developed for the uplink of N-MIMO networks in order to reduce backhaul load. Considering the 
requirements of multimedia wireless communications, the upper bound of the effective capacity has been 
derived for 5G massive MIMO multimedia communication systems with the QoS statistical exponent 
constraint. 


We Compared with the conventional ZF precoding matrix, numerical results show that the proposed 
optimal equivalent precoding matrix can obviously improve the available rate for 5G massive MIMO 
multimedia communication systems. The proposed BMAS algorithm is divided into two parts in order to 
reduce the real-time computational complexity for practical implementation, and a study of applying the 
proposed design criterion and search algorithm in binary systems with full-duplex Aps has been started. 
Comparing with the non-ideal CoMP, the proposed algorithm achieves lower outage probability with a 
reduced traffic in backhaul networks. 


In the future work, we propose taking into account the QoS statistical exponent constraints, a more 
efficient signal detection precoding algorithm is worth exploring towards better performance of the 
multimedia massive MEMO communication systems, to fulfill the customers demand. 


Reference 

[1]. Chen M, Zhang Y, Li Y, Mao S, Leung V. EMC: emotion-aware mobile cloud computing in 5G. IEEE 
Network 2015; 29(2): 32-38. 

[2]. Chen M, Zhang Y, Li Y, Hassan M, Alamri A. AIWAC: affective interaction through wearable computing and cloud 
technology. IEEE Communications 2015; 22(1): 20-27. 

[3]. Rusek F, Persson D, Lau BK. Scalling up MIMO: opportunities and challenges with very large arrays. IEEE Signal 
Processing Magazine 2013; 30(1): 40-60. 

[4]. Xu Z, Sfar S, Blum R. Receive antenna selection for closely-spaced antennas with mutual coupling. IEEE Transactions 
on Wireless Communications 2010; 9(2): 652-661. 

[5]. Cheng W, Zhang H. Quality-of-service driven power allocations for wireless full-duplex bidirectional links.Science 
China Information Sciences 2014; 57(4): 1-10. 

[6]. M. V. Clark, T. M. III Willis, L. J. Greenstein, A. J. Rustako,V. Erceg and R. S. Roman, “Distributed versus centralized 


antenna arrays in broadband wireless networks, ’’Proc. 2001 Spring LEEE Vehicular Technology Conference., Rhodes Island, 
Greece, May 2001, pp. 33-37 

[7]. D. Lee, et al., “Coordinated multipoint transmission and reception in LTE-advanced: deployment scenarios and 
operational challenges, "IEEE Commun. Mag., vol. 50, no. 2, pp. 148-155, February 2012. 

[8]. R. Irmer, et al., “Coordinated multipoint: Concepts, performance, and field trial results” IEEE Commun. Mag., vol. 49, 
no. 2, pp. 102-111, Feb. 2011. 

[9]. L. Zhou and W. Yu, “Uplink Multicell Processing with Limited Backhaul via Per-Base-Station Successive Interference 
Cancellation, "IEEE JSAC, vol. 31, no. 10, pp. 1981-1993, Oct. 2013. 

[10]. T. R. Lakshmana, et al., “Scheduling for Backhaul Load ReductioninCoMP, ”2013 IEEE Wireless Communications and 
Networking Conference (WCNC), pp. 227-232, Shanghai, China, Apr. 2013. 

[11]. 8S. L. Zhang, S. C. Liew and P. P. Lam, “Hot Topic: Physical layer Network Coding, ” Proceedings of the 12th Annual 
International Conference on Mobile Computing and Networking, MOBICOM 2006, Los Angeles, CA, USA, Sept. 2006, 
pp.358-365. 

[12]. C. Feng and D. Silva and F. R. Kschischang, “An Algebraic Approach to Physical-Layer Network Coding, IEEE 
trans.inform. Theory, no. 11, vol. 59, pp. 7576-7596, 2013.P. 

[13]. B. Nazer and M. Gastpar, “Computer-and-forward: Harnessing interference through structured codes,” IEEE Trans. 
Inform. Theory, vol. 57, no. 10, pp. 6463-6486, Oct. 2011. 

[14]. H. Zhang, L. Zhang and L. Cai, “Design and Analysis of Heterogeneous Physical Layer Network Coding,” IEEE Trans. 
Wireless Commun., vol. 15, no. 4, pp. 2484-2497, April 2016. 

[15]. D. Fang and A. G. Burr, “Uplink of Distributed MIMO: Wireless Network Coding versus Coordinated Multi- 
point, "IEEE Comm. Letters, vol. 19, no. 7, pp. 1229-1232, Jul. 2015. 

[16]. Ngo HQ, Larsson E, Marzetta T. The Multicell multiuser MIMO uplink with very large antenna arrays and a finite- 
dimensional channel. IEEE Transactions on Communications 2013; 61(6): 2350-2361. 


Abduro Guye Adiet. al., Vol. 1, Issue 1, pp. 65-75, 2020 
Page No. 74 


= 


 } International Journal For Academic Research and Development 


7 ISSN 2582-7561 (Online) ©IJARD 


Vol. 1, Issue 1 
2020 


[17]. Clerckx B, Craeye C, Vanhoenacker-Janvier D, Oestges C. Impact of antenna coupling on 2 x 2 MEMO Communications. 
IEEE Transactions on Vehicular Technology 2007; 56(3): 1009-1018. 

[18]. Balanis CA, Antenna Theory: Analysis and Design. John Wiley and Sons, 2012. 

[19]. Y. Chu, et al., “Implementation of Uplink Network Coded Modulation for Two-Hop Networks” IEEE Access, submitted. 
2012. 

[20]. D. Fang and A. G. Burr, “Uplink of Distributed MIMO: Wireless Network Coding versus Coordinated Multipoint” IEEE 
Comm. Letters, vol. 19, no. 7, pp. 1229-1232, Jul. 2015. 


Abduro Guye Adiet. al., Vol. 1, Issue 1, pp. 65-75, 2020 
Page No. 75 


